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Infrared Absorption Spectra

Some Long-Chain Fatty Acids, Esters, and Alcohols

O. D. SHREVE AND M. R. HEETHER, E. I. du Pont de Nemours & Company, Inc., Philadelphia 46, Pa.

AND

H. B. KNIGHT AND DANIEL SWERN, Eastern Regional Research Laboratory, Philadelphia 18, Pa.

Infrared absorption spectra from 2 to 15 microns are
given for a number of pure long-chain saturated
and monounsaturated fatty acids; methyl esters,
triglycerides, and alcohols. The four classes of
compounds studied are readily distinguished by
spectral features common to the members of each
class. Within each class, trans compounds are
readily distinguished from cis and/or saturated
compounds, but the two last-named types can be
differentiated only by careful examination of their

-AS- A preliminary step in the application of infrared spectros-
copy to a variety of problems being conducted in the
authors’ laboratories, and in particular to studies of the reaction
of fatty materials with oxygen, it was necessary to obtain refer-
eince spectra from 2 to 15 microns on a wide variety of pure long-
chain compounds. With few exceptions (I, 21) published spec-
tra on long-chain aliphatic compounds cover a limited range
(10, 18, 20) or the purity of the starting materials is unknown (3).

In this paper, infrared absorption spectra from 2 to 15 microns
are reported for some pure long-chain monounsaturated and
saturated fatty acids, esters (methy] esters and triglycerides), and
alcohols. Interpretations of these spectra have been made on
the basis of correlations evident from the absorption curves in
conjunction with both published and unpublished infrared data.

EXPERIMENTAL

Spectrophotometer. All spectra were automatically recorded
with a Beckman IR-2 infrared spectrophotometer housed in an
air-conditioned room and maintained at 25° = 0.1° C. by the con-
stant temperature circulating bath supplied with the instrument.
The slits were automatically adjusted during operation with the
aid of a mechanical slit drive (25). Reproducibility of slit widths
was equal to that attainable by manual settings. The instrument
was calibrated by means of known absorption bands of carbon
dioxide and ammonia.

Liquid samPles were run directly in a 0.03-mm. standard Beck-
man Jiquid cell consisting of two rock salt windows separated by
an amalgamated copper spacer; solids were run as dilute solutions
in carbon bisulfide in & 1-mm. standard Beckman cell. Exact cell
thicknesses, determined interferometrically (27), were 0.0321 and
1.0538 mm. Per cent transmittance curves for the solid samples
were obtained by plotting ratios of recorder deflections for solu-
tion plus cell to the corresponding deflections for the cell filled
with pure carbon disulfide. A similar procedure was employed for
the liquid samples, except that a rock salt plate equal in thickness
to the combined thicknesses of the two cell windows was used as
reference blank.

Materials Used. The reference compounds employed, some of
theki)xl' cIlmmct,eristics, and methods of preparation are shown in
Table I.

RESULTS

Figures 1 to 4 show spectra for the various compounds as plots
of per cent transmittance against wave length on a uniform wave-
length scale. Sample form is indicated on the right side of each
figure and wave-length positions of absorption maxima are tabu-
lated on each curve.

Correlation of Absorption Bands with Molecular Structure.
Most of the absorption bands appearing in these spectra can be

spectra. Distinction between individual cis or trans
or saturated compounds within a class also requires
careful study of the spectra. Terminally unsatu-
rated compounds are readily distinguished from the
internally unsaturated and/or the saturated types.
Correlations of absorption bands with molecular
structure are given for all spectra. The spectra
should be useful in the application of the infrared
method to studies involving fats and other long-
chain systems.
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Figure 1. Infrared Absorption Spectra of Pure Long-
Chain Monounsaturated and Saturated Fatty Acids

related to specific structural features of the molecules. The
assignments made in the following discussion are based on a
comparative study of these and a number of the authors’ unpub-
lished infrared spectra, together with generalizations drawn from
published frequency correlation charts (4, 81) and other data
from the literature cited. Although most of these assignments
are believed to be reliable, some must be considered tentative,
particularly those relating to carbon-oxygen absorption in the
8-micron region and hydroxyl bending vibrations.

Spectral Features Common to All Compounds. The following
absorption bands occur at nearly constant wave length in the
spectra of all compounds studied, except 10-hendecenoic acid,
regardless of class:



1. A strong bandmnear 3.3 microns. In the methyl esters, tri-
glycerides, and ‘alcohols, this band js due entirely to C—H stretch-
ing vibrations; in:the acids, however, as explained below, absorp-
tion :due, to stretching vibrations of the bonded hydroxyl group
(O=H. ..".0) combines with that due to C—H to produce the
total absorption observed in this region.
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Figure 2. Infrared Absorption Spectra of Pure Long-

Chain Monounsaturated and Saturated Methyl Esters

2. A single or doublet absorption near 6.9 or 6.9 and 7 microns
related to C—H bending (4, 31). This absorption does not ap{)ear
in the case of solids, run as dilute solutions in the thick cell, as
complete absorption of the solvent rendered the instrument in-
active in this region.

3. A band (or inflection) ranging in wave length from about 7.2
to 7.4 microns caused by symmetrical deformation vibrations of
the methyl group (32), with the exception of 10-hendecenoic acid,
which does not contain this group.

4. A band near 13.9 microns. A band near this wave length
has been observed in spectra of a large number of hydrocarbons
containing a continuous chain of four or more carbon atoms (32)
and recently has been ascribed to a CH, wagging mode (23). In
the cis monounsaturated compounds, out-of-plane bending vibra-
tiona of tho hydrogens attached to the double bond enrbons
probably contribute to the total absorption obscerved in this
region.

Spoctral Foaturos Common to Members of Each Class, In nd-
dition to the common bands discussed above, the individuals
within each of the four classes of compounds studied show a num-
ber of common spectral features which serve for class distinction.

Long-CuHAIN Farry Acips (Figure 1), The band near 3.7
microns occurring on the long wave-length side of the strong C—H
stretching absorption has been observed in the spectra of a num-
ber of organic acids and has been attributed to the presence of the
carboxyl group in such compounds (2). The presence of this
band, as well as the absence of any resolved O—H stretching band
near 3 microns, is explained by the fact that carboxylic acids
associate through the formation of hydrogen bonds, even at
fairly high dilution in nonpolar solvents (12, 13). In the lower
fatty acids and at least one higher acid (lauric) (10, 18, 20), infra-
red absorption measurements in the 3-micron region have been
employed by a number of investigators (9, 11-15) in the study of
this association. In general, these and similar studies show that,
although the normal free O—H
stretching band in the mono-

meric acid molecule occurs
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of long-chain fatty acids. Absorption in this region is common
to a large number of compounds containing a €—O linkage
in which the carbon atom is unsaturated (4, 31). Although
a survey of the literature indicates disagreement in the assign-
ment of C—O frequencies in lower fatty acids (11, 14), it seems
probable that one or both of these bands in the long-chain
acids must be related to vibrations involving the C—O linkage in

7
the C—O—H structure.

The strong band ncar 5.8 microns is, of course, due to C=0
stretching vibrations, The exact position of this band (5.83 to
5.85 microns) in the long-chain acids is characteristic and distinct
from that in the methyl esters and triglycerides (5.71 to 5.75
microns).

MEemaYL EsteErRs oF LoNG-CHAIN Farry Acips (Figure 2).
Esterification of the long-chain: fatty acids produces marked
changes in the absorption characteristics. As noted above, the
10.7- and 3.7-micron bands disappear; the C=0 stretching band
which appears at 5.83 to 5.85 microns in the acids is shifted to
5.72 to 5.75 in the ester spectra. . This shift of about 0.1 micron is
general in the esterification of long-chain acids.
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Figure 3. Infrared Absorption Spectra of Pure Long-

Chain Triglycerides

The strong triplet absorption at about 8.0, 8.3, and 8.5 microns
is a characteristic feature of the spectra of methyl esters of long-
chain acids. One or more of these bands must be related in this
ca.s(e) to vibrations involving the C——OO linkage in the ester group

7 7

C—0—CHj;; thereplacementof C—OH with C—O—CHj hasre-
sulted in considerable alteration in the position and general pat-
tern of the absorption involving C—O links,

TRIGLYCERIDES OF LoNg-CmAIN Farry Acips (Figure 3).
The triglycerides are readily distinguished from the acids or
methy] esters by their characteristic absorption. The position of
the C==0 stretching band corresponds closely to that observed in
the methyl esters, but the nature of the absorption in the 8-
micron region, some or all of which must be attributed in this case
to the presence of C—O linkages in the triester structure, is con-
siderably altered. This general absorption pattern, comprising a
strong band near 8.6 microns flanked by weaker bands near 8 and
9 microns, is common to all triglycerides of long-chain fatty acids
whase spectra the authors have examined.

Long-CrAIN ALcoroLs (Figure 4). Because a large number of
hydroxy compounds show strong absorption in the 9- to 10-micron
region of the infrared (4, 31), the strong band near 9.5 microns in
the spectra of Figure 4 may be attributed to the alcoholic hy-

droxyl group in these compounds. This band may possibly arise
from bending motions of the OH group in the CH,—OH structure.
The O—H stretching absorption in the two solid alcohols,
claidy! and stearyl (run in dilute solution), appears as a weak band
near 2.7 microns, indicating a normal “free’t alcoholic O—H vibra-
tion (10). In the spectrum of oleyl alcohol (run as the pure
liquid), this absorption occurs at about 3 microns and is much
more intense relative to the adjacent C—H absorption, indicating
strong hydrogen bonding in the condensed phase, as expected
(10). On dilution, the “association’”” band decreases in intensity
(relative to C—1) and shifts to the normal 2.7-micron position.

—————— k-
80| U‘ .K AC;:‘VE\/\/\ m’\
o] MI ELAIDYL 2. '\/\5), €Sy SLN. 1163 G/L. g

g 20 i ALCOHOL s IN TMM, CELL

& 20

b4

s

2 80)

< 60|

£ 20 ALCOHOL

-

z

w

%]

] STEARYL 3

* ALCOHOL . e
Srrar 3 nrdi St ST a8 S o T 23t w405

WAVELENGTH, MICRONS

Figure 4. Infrared Absorption Spectra of Pure Long-

Chain Alcohols

Spectral Differences within Each Class. In addition to the
common features which distinguish each of the four classes of
long-chain compounds, significant spectral differences are appar-
ent, within each class. These may be summed up and interpreted
as follows:

DirrerENCES RELATED T0 C—H BENDING VIBRATIONS AT
DousLe Bownp. All the trans monounsaturated compounds,
regardless of class, show a strong absorption band at 10.36 mi-
crons, but this band is absent in the cis monounsaturated and
saturated compounds (Figures 1 to 4). Recent studies (17, 22)
indicate that this band is common to a variety of monounsatu-
rated hydrocarbons and other compounds having the trans con-
figuration at the double bond. The band undoubtedly arises
from out-of-plane vibrations of the two hydrogen atoms attached
to the double bond in a trans structure (24). The corresponding
hydrogen-bending vibrations in a cis monounsaturated com-
pound do not seem to give rise to appreciable absorption in this
region. This absorption in hydrocarbon spectra has recently
been found to occur in the 14- to 16-micron region (17, 22). In
the present case, comparison of the spectra of the AY cis-trans
methy] ester pair and the A® cis-trans acid pair shows the absorp-
tion in the 13.8- to 14.3-micron region to be greater for the cis
compound in each case. The A’ cis-trans acid, glyceride, and
alcohol pairs cannot be directly compared in this respect. The
ratio of the absorption intensity in this region to that at the C=0
stretching peak, however, is greater for the cis acid and glyceride
than for the trans acid and glyceride. Thus it would seem that
the absorption near 13.9 microns in cis compounds is due only
partly to a methylene group ‘“wagging’”’ mode (see above); the
remainder is contributed by the bending vibrations of the two
hydrogens attached to the double bond carbons.

In the acid and methyl ester series (Figures 1 and 2), the ter-
minally unsaturated compounds (10-hendecenoic acid and its
methyl ester) show two strong bands near 10 and 11 micromns,
which are absent in the internally unsaturated acids and esters.
The assignment of bands near these wave lengths to bending
motions of the hydrogens attached to a terminal double bond is
well known (24) and seems firmly established.



D1FFERENCES RELATED T0 C=C STRETCHING VIBRATIONS.
The two terminally unsaturated compounds mentioned above
(Figures 1 and 2) show a well resolved C=C stretching band near
6 microns, but no resolved: band appears at this wave length in
the spectra of the vdrious internally unsaturated compounds
shown in Figures 1to 4, Close examination of the spectra of the
cis monounsaturated compounds of Figures 1 to 4 reveals that a
slight broadening or inflection on the long wave-length side of the
strong C=0 band is the only evidence of C=C stretching ab-
sorption under the resolution employed. The prediction from
theorctical considerations, that C=C stretching should be infra-
red active near 6 microns in a cis but not in a trans compound, was
confirmed in the case of the ethyl esters of oleic and elaidic acids
by McCutcheon, Crawford, and Welsh (20), but to bring out this
difference they found it necessary to plot the ratio of the trans-
mittance of each of the esters to that of cthyl stearate in the 6-
micron region,

GENERAL COMMENTS AND CONCLUSIONS

The foregoing discussion shows that the four classes of long-
chain compounds studied are readily differentinted by their
characteristic infrared absorption. Within each class, the trans
monounsaturated compounds are readily distinguished from the
cis monounsaturated and/or saturated compounds, and internal
and external unsaturation can easily be differentiated. Because
of the close similarity of their spectra, however, distinction be-
tween cis and saturated, or between various individual cis, trans,
or saturated compounds within a class requires careful examinn-
tion of the curves,

In general, the spectra presented should prove useful in
ussessing the potentialities of the infrared method as applied to
studies of fat systems; they are primarily intended to serve as a
guide in the development of spectroscopic or combined chemical-
spectroscopic methods for the analysis of mixtures of fatty ma-
terials. TFor example, as a result of this study, the authors have
developed an infrared spectrophotometric method for determina-
tion of trans components in mixtures of long-chain compounds,
utilizing the strong 10.36-micron band (26).

Although the structural correlations given are not all firmly
established, when applied with caution they should be useful in
the detection and possibly the estimation of functional groups in
fats and other long-chain systems.
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